While long-range cortico-cortical functional connectivity has been reported by several studies 33 as a necessary condition of conscious state, precise empirical evidence is still scarce. In the 34 present work we provide such a direct and conclusive evidence in a set of three experiments. 35 In the two first experiments intracranial-EEG was recorded during four distinct states in the 36 same individuals: conscious wakefulness (CW), rapid-eye-movement sleep (REM), stable 37 periods of slow-wave sleep (SWS) and deep propofol anaesthesia (PA). We discovered that 38 long-range FC, computed by the weighted Symbolic-Mutual-Information (wSMI) in the 2-39 5Hz frequency band was a specific marker of conscious states that could discriminate CW and 40 REM from SWS and PA. In the third experiment, we generalized this original finding on a 41 large cohort of brain-injured patients by revealing that wSMI in the 2-5 Hz range was also 42 able to accurately discriminate patients in the vegetative state (or unresponsive wakefulness 43 syndrome) from patients in the minimally conscious state. Taken together the present results 44 suggest that 2-5Hz FC is a new and robust signature of conscious states. 45 46 50 Crone et al., 2014; Dehaene and Changeux, 2011; Dehaene and Naccache, 2001), this 51 property remains highly debated regarding : (i) the long-range (Laureys and Schiff, 2012) 52 versus short-range type of functional connectivity (Lamme, 2006) (ii) the relevant frequencies 53 involved in this cortico-cortical connectivity, with contradicting proposals ranging from ultra-54 slow (<0.01Hz) (Barttfeld et al., 2015), to slow (0.5-4Hz) (He et al., 2008; He and Raichle, 55 2009), or even faster theta, alpha and gamma-band rhythms (Schiff et al., 2014), and (iii) the 56 general value of this property when comparing various conscious and unconscious states.
. Crucially, we then found that wSMI in the 2-5 Hz range was also able to 129 accurately discriminate VS/UWS from MCS (mean scalp wSMI AUC=0.62 [0.53-0.70], 130 p=0.01, r=0.20, with a significant cluster encompassing almost all the scalp, p=0.004), while 131 wSMI in the 1-1.25 Hz range was not (mean scalp wSMI AUC=0. 54 [0.45-0.62], p=0.42, 132 r=0.06 with no significant cluster, p=0.11) (see Figure 1c ). Similar results were found when 133 computing wSMI during the local-global active paradigm as originally described (data not 134 shown). In the present iEEG study, we first showed that long-range cortico-cortical connectivity 138 measured with the wSMI computed in the theta-alpha band (4-10Hz), -that was previously 139 shown to be higher for patients in the MCS from those in the VS/UWS -, was larger during 140 CW than during SWS. However, and unexpectedly, this measure failed to discriminate both 141 REM from SWS, and REM and CW from PA. In other terms, FC in the 4-10Hz does not 142 seem to be a general signature of conscious states. We then discovered that FC computed in a 143 slower delta-theta band (2-5Hz) actually succeeded much better to discriminate correctly 144 conscious states (CW and REM) from the two unconscious states investigated here (SWS and 145 PA). This measure was found larger in CW and in REM as compared to SWS and to PA in 146 the vast majority of patients. Notably, none of the 12 recorded patients showed a reverse 147 pattern of connectivity between conscious and unconscious states in this delta-theta band. 148 Finally, we could generalize the validity of this new measure in another population of patients 149 and with high-density scalp EEG recordings: wSMI computed in this 2-5Hz band was 150 significantly larger in the MCS than in the VS/UWS. As a control condition, we showed that 151 wSMI computed in a slower band (1-2.5Hz) failed to discriminate conscious from 152 unconscious states, both in iEEG and in scalp-EEG. Taken together, our results suggest that 153 cortico-cortical connectivity in the delta-theta band could correspond to a general neural 154 signature of consciousness that is valid across a large variety of impairments of 155 consciousness. In addition to enriching cognitive neuroscience of consciousness, the present 156 6 data and its proposed interpretation may impact clinical practice with a new 157 neurophysiological signature of conscious states.
158
This proposal is compatible with a core element of the Global Workspace (GW) theory 159 according to which conscious states would correspond to the serial chaining of ~200-300ms 160 discrete states (Koch et al., 2016; Milz et al., 2016) , each associated with a P3b signature 161 (Naccache, Ph. Trans. 2018). Indeed, this hypothesis leads to a 3.3-5Hz frequency range of 162 coherent and synchronized brain-scale patterns that is ideally captured by the wSMI 2-5Hz.
163
Moreover, our proposal seems also very coherent with electrophysiological and fMRI data 164 that highlighted the importance of slow cortical potentials (SCP) in cognition and 165 consciousness (He et al., 2008) . He and Raichle listed some explanatory arguments in favor of 166 such a link between SCP (0.1-4Hz) and conscious states. In particular, they underlined the 167 fact that "long-range cortico-cortical connections terminate preferentially in superficial layers, 168 and thus contribute significantly to SCP" (He and Raichle, 2009).
169
In the light of these results and of previous reports, we propose a two-frequency hypothesis of 170 cortical connectivity that introduces a distinction between signatures of conscious state and 171 signatures of conscious access.
172
In two previous SEEG studies, we identified brain-scale increases of connectivity in the 173 alpha-beta band during conscious access to written words (Gaillard et al., 2009) , and in the 174 alpha band during conscious access to the regularity auditory series of tones (Bekinschtein et 175 al., 2009; Sitt et al., 2014) . We then identified, -in high-density scalp EEG recordings -, a 176 sharp difference of long-range connectivity within the theta-alpha band between controls in a 177 CW state and patients in the MCS on the one hand, and patients in the VS/UWS on the other 178 hand (King et al., 2013; Sitt et al., 2014) . This progressive slow-down of frequency windows 179 of connectivity when moving from conscious access contrasts, to conscious states contrasts 180 tentatively suggests a mechanistic difference between conscious access and conscious state. 181 We propose that conscious states would require a lasting level of long-range functional 182 connectivity within a delta-theta band enabling a sustained level of coherence and information 183 integration between the distant neural processors contributing to the GW, whereas conscious increases of connectivity between a specified cortical network and the GW. In other terms, 186 while brain-scale increases in FC in the theta-beta band would reflect sudden conscious 187 accesses, FC in the slower delta-theta band would capture the ongoing activity of a functional 188 7 conscious GW. This last measure seems more specific than the proposed signature of 189 conscious access, but the reasons of this lack of specificity require additional studies.
190
Finally, we will also discuss our findings related to increase of FC in the gamma-band during 
Materials and Methods

208
First and second experiment 209 The two first experiments of this study used a very similar approach. We therefore report their 210 respective experimental procedures in a single section. For the second experiment, the iEEG was recorded (10 min) during the final part of the 247 procedure, during the per-operative imaging control, so before the decrease of anaesthesia and 248 during a perfectly stable level of propofol anaesthesia (PA). 1991 ,1994 -2018 . 255 Tridimensional representation (see Figure S1 a.) and matching with functional connectivity The power spectrum analysis of each frequency band (δ: Hz [; ) was performed with Matlab® using the Fieldtrip toolbox 100 Hz notch filters. 2) Epoching: filtered data were cut into 800 ms epochs with a 550 to 850 360 ms random jitter in-between (these timings were chose to reproduce the original wSMI 361 analysis in which wSMI was computed on the 800 ms baseline periode of an active auditory 362 oddball paradigm (King et al., 2013) ). 3) Bad channels and bad epochs removal: channels that 363 exceeded a 100 μv peak-to-peak amplitude in more than 50% of the epochs were rejected.
364
Channels that exceeded a z-score of 4 across all the channels mean variance were rejected.
365
This step was repeated two times. Epochs that exceeded a 100 μv peak-to-peak amplitude in 366 more than 10% of the channels were rejected. Channels that exceeded a z-score of 4 across all 367 the channels mean variance (filtered with a high pass of 25 Hz) were rejected. This step was 368 repeated two times. The remaining epochs were digitally transformed to an average reference.
369
Rejected channels were interpolated. Finally, EEG were deemed to pass this preprocessing 370 step if at least 70% of the channels and at least 30% of the epochs were kept.
371
Functional connectivity analysis 372 13
As previously described, wSMI was computed on the 800 ms epochs using a k=3 kernel in the 373 different frequency bands, respectively: tau=32 ms (4-10 Hz), tau=64 ms ( This effect size measure was computed both at the level of the wSMI mean , but also at the level 
